Ranges", which for protein is 10 to 35% of total energy. In practice, we suggest 1.5-2.2 g/kg/d of a variety of high-quality proteins.
A review of current evidence on protein requirements to prevent age-related sarcopenia, promote healthy weight management and peak athletic performance also based on presentations at the 2015 Canadian Nutrition Conference on protein has been published by Phillips et al. (2016) .
Until quite recently protein and amino acid requirements were determined using nitrogen balance (namely food nitrogen intake minus nitrogen excreted). The drawbacks with nitrogen balance are that a minimum of three days is needed per level of test intake D r a f t 5 and 7-10 days of adaptation are needed to each intake of protein or amino acid. In addition, complete collection and quantification of all sources of nitrogen excretion (mostly in urine and faeces) is difficult. More fundamentally, the nature of the calculation of nitrogen balance is likely to result in wide variability because nitrogen intake and nitrogen excretion are much larger numbers than the difference between them (i.e., nitrogen balance). Hence alternative methods have been developed based on carbon oxidation.
Currently, a suitable alternative is the indicator amino acid oxidation (IAAO) method (Elango et al. 2008a) . Briefly, an essential amino acid (usually phenylalanine, lysine or leucine) is labeled with the stable isotope carbon-13 ( 13 C) and appearance of the label in breath carbon dioxide ( 13 CO 2 ) is used as an indicator of protein or amino acid requirement. Graded intakes of protein or amino acids are fed to the experimental subjects and a break-point is defined as a reflection of requirement. Adaptation of only 3 to 4 hours is needed since IAAO is dependent upon the rapidly turning over pools of t-RNA-test amino acid from which proteins are synthesized (Humayun et al. 2007 ). This estimate was confirmed using the carbon oxidation based method, IAAO, with a mean estimate of 0.93 g/kg/d, essentially the same as the reanalysis of the nitrogen balance data (Humayun et al. 2007 ).
Concern has been raised that this experimental design used a complete and balanced (Elango et al. 2011; Elango et al. 2010 ).
These observations have important implications for public health and world agriculture.
Children living in the developing world also have a diet that is limiting in the essential amino acid lysine. It had been hypothesized that these populations may be able to adapt and thrive on a lower lysine intake than that needed in the developed world. To test this question, the lysine needs of school aged children in Toronto and in Bangalore, India were measured and shown to be identical (Pillai et al. 2010) . Moreover, the lysine requirements in moderately malnourished Indian children increased by 20% due to gut parasite infection (Pillai et al. 2015) . Thus, healthy children worldwide have similar lysine requirements, while the presence of gut parasites increases the need for lysine.
The non-invasive nature of the IAAO technique has also allowed for the study of amino acid needs in other vulnerable individuals. Thus, direct measurement of the limiting amino acids requirements in inborn errors of amino acid metabolism such as, phenylketonuria and maple syrup urine disease, have been obtained for the first time . IAAO has also been used to determine requirements for branched chain amino acids which are increased in children with liver disease (Mager et al. 2006) . This is useful since it makes the prevention of malnutrition and growth failure possible in children with chronic liver disease. Amino acid needs in premature infants, especially those needing parenteral nutrition, have yet to be completely defined. Amino acid requirements during pregnancy and lactation also need to be defined. g/kg/day for adults (i.e., well above the RDA). Analysis of the USDA "My Pyramid" reveals a recommended protein intake of 17-21% of caloric intake (Fulgoni 2008) , or 1.78-2.20 g/kg/day for the energy expenditure and body weight assumed in the DRIs.
Beyond zero nitrogen balance
When nitrogen intake exceeds the amount required to achieve zero nitrogen balance, a progressively positive nitrogen balance (i.e., nitrogen intake greater than nitrogen output) results. It has been assumed that positive nitrogen balance values in adults are artifacts and therefore not considered in the estimation of the EAR (Millward 2012 ), but the justification for ignoring positive values is largely that the results don't fit the pre-conceived model. However when the nitrogen balance data, collected from studies conducted around the world was reanalyzed (including that with positive balance) using two-phase linear regression cross over analysis to determine EAR and RDA; the mean calculated values were 0.93 and 1.2 g protein/kg/day, respectively (Elango et al. 2010 functional test scores in free-living healthy elderly subjects (Børsheim et al. 2008; Dillon et al. 2009 ). Moreover, acute stimulation of muscle protein fractional synthetic rate by amino acids translated to a significant amelioration of the decline in functional status in healthy elderly that normally occurred after 10 days of enforced bed rest (Ferrando et al. 2010) . Supplementation of the diet with the same mixture of amino acids, along with a small amount of carbohydrate, also decreased the extent of loss of lean body mass and muscle strength in response to enforced bed rest in healthy young subjects (Paddon-Jones et al. 2004) . Increased protein intake has also been demonstrated to have beneficial effects on muscle mass in other studies in older adults (Chevalier et al. 2003) .
Estimating an optimal range of protein intakes for adults
When estimating an optimal amount of dietary protein it is important to consider the composition of the entire diet. In an adult with a normal rate of energy expenditure propose that in practice, 1.5 -2.2 g/kg/day constitutes a reasonable recommendation for the amount of protein that should be eaten by adults as part of a complete diet.
What type of protein should we eat?
The assumption underlying recommendations for dietary protein is that it consists The discrepancies in quality between animal and plant proteins become dramatic when the energy equivalents of the food sources are accounted for in the expression of quality. Caloric requirement to meet essential amino acid requirements for plant proteins are considerably greater than required by the ingestion of animal proteins. This is an important consideration given that obesity and sarcopenia (i.e., loss of lean body mass with age) are two of today's largest public health challenges. As outlined by Phillips et al. (2016) protein intakes above the current RDA (within the AMDR) can help to improve satiety and support weight management efforts and may help to prevent age-related sarcopenia as people age and have no known adverse impacts on health. There is an urgent need to re-evaluate protein recommendations to ensure they reflect recent developments in understanding protein requirements.
Take-home points
• Recent evidence indicates the current RDAs substantially underestimate minimum protein requirements throughout the lifespan.
• The AMDR of 10 to 35% of calories from protein for adults allows considerable flexibility to recommend protein intakes above the current RDA.
• In practice, 1.5 to 2.2 g/kg/day of high-quality protein constitutes a reasonable D r a f t 14 recommendation for adults as part of a complete diet.
• High-quality animal proteins require far less energy intake to meet essential amino acid needs than lower quality plant proteins. 
